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INTRODUCTION
Spalax leucodon superspecies is a group of wild rodents belonging to the Spalacidae family. The general consensus is that they emerged 5.3-3.4 million years ago (Late Pliocene period) around Anatolia and spread to Anatolia, the Balkans, the Russian steppes, the Middle East and North Africa. Morphological investigations show that two species (Spalax leucodon and Spalax ehrenbergi) of blind mole rats are found in Turkey [18] . The Spalacidae, or spalacids, are a family of rodents in the large and complex superfamily Muroidea [24, 25] .
Animals from the Spalax leucodon spend the vast majority of their life in their underground burrows and tunnel systems. Their eyes are atrophied and the orbits are covered with skin. They are different from other rodents, with their external ear pinnae and atrophied tails. The average weight of a mole rat is 100-570 g [9] .
Spalax leucodon is an exceptional species that is able to survive in underground galleries at an oxygen level of 7%, while possessing certain morphological, physiological and behavioural characteristics under routine underground conditions with high carbon dioxide levels. Therefore, they are used as an animal model in hypoxic studies [21, 31] . Moreover, the species can live up to 21 years, and, interestingly, spontaneous tumours have never been observed [10] . They also have different structures of haemoglobin [19] , myoglobin [42] , respiratory system [17] and myocardial performance [8] .
It is well known that there is a significant relationship between lifestyle, feeding strategy and chewing muscles in mammalian species. Therefore, the morphology of the masticatory muscles differs from species to species. Rodents, the largest group of mammals, are unique due to their extraordinary masticatory apparatus. The masseter muscle comprises 60-80% of the total masticatory muscle mass in rodents [5, 33] . The morphological properties of the masseter muscle can be changed by the type of masticatory activity of the rodents. The structure of the masseter muscle has also been an important criterion in the classification of rodents [2] . In terms of masticatory muscle anatomy, rodents can be divided into four classes: Protrogomorpha (primitive rodents), Sciuromorpha (squirrels), Myomorpha (rats and mice), and Hystricomorpha (porcupines and the South American caviomorph rodents) [23] .
Kangaroos, wallabies, and rat-kangaroos (superfamily Macropodoidea) are Australian dominant mammalian herbivores. They vary markedly in dietary preferences, similar to the artiodactyl ungulates of other continents. Some species utilise many different foods, whereas others are much more specific in their choice of food items. Different foods require processing in different ways. Masticatory morphology represents a trade-off between what is required to effectively break down food and phylogenetic constraints. The correlation between feeding strategy and morphology in kangaroos has been investigated by several researchers, and the results have indicated differences in dental morphology and behaviour associated with the feeding types [35] .
Rodents have a very large population and constitute more than half of the known mammalian species. The blind subterranean mole rat, Spalax leucodon superspecies, is a group of species of wild rodents. Many studies [1, 4, 6, 12, 14, 20, 35, 36, [39] [40] [41] have been conducted on the masseter muscles of rodents living in different ecological conditions. However, information about the masseter muscle of the Spalax genus is limited. This study aims to describe the macro-anatomic structure of the masseter muscle and investigate its relationship in S. leucodon and other rodents.
MATERIALS AND METHODS

Animals and experimental procedure
For this study, we collected 11 male and 4 female mole rats (Spalax leucodon) from the Aksaray Province of Turkey. All the animals were captured by villagers. Mole rats were taken to the Department of Anatomy, Faculty of Veterinary Medicine, Aksaray University, in well-ventilated cages (dimensions: 1 × 0.7 × 1 m). All experimental procedures were approved by the Animal Experiments Local Ethics Committee of the Afyonkarahisar Kocatepe University (approval no. 06.01.2012/1242).
At room temperature (20°C), the animals were anaesthetised with an intraperitoneal injection of a combination of 10 mg/kg xylazine (Rompun enj; Bayer Turk Chemistry Industry Ltd. Corp., Istanbul, Turkey) and 100 mg/kg ketamine HCl (Ketalar Eczacıbası; Istanbul, Turkey). Fifteen mole rats were killed by exsanguination of the left common carotid artery under anaesthesia. Animals were then fixed in formal saline (buffered 4% formaldehyde solution with 0.12 M NaCl) and stored in 70% ethanol. Mole rats were dissected to further investigate and examine the anatomy of the masticatory muscles. For each masticatory muscle, the positions of its origin and insertion on the skull and the mandible were carefully inspected, as well as the direction of muscle fibres, in order to establish mycological maps. Finally, the findings were recorded and photographed using a Canon Eos 600d. After being photographed, maceration was performed to describe the cranial bones and the attachment of the masseter muscle, as in previous studies. The bone structures related to the masseter muscle were examined based on the work done by Ozkan [27] .
RESULTS
The masseter muscle consisted of three main parts: superficial masseter, deep masseter and zygomaticomandibularis muscle.
Superficial masseter
It is the outermost layer of the masseter muscle with a water-drop shape. The superficial masseter was observed to cover two-thirds of the anterior deep masseter. However, the anteroventral portion of the superficial masseter was clearly distinguishable from the deep masseter muscle with the naked eye (Figs. 1-3 ). The aponeurosis of the origin of the superficial masseter formed a strong flattened tendinous (Figs. 2, 3 ). This aponeurosis originated from the oval shallow fossa and was located on the inferior portion of the zygomatic root, on the ventrolateral face of the maxilla. After its origin, the musculoaponeurotic fibres had an emphasised ventro-aboral obliquity, fanned out on the large part of the anterior deep masseter and the posteroventral portion of the posterior deep masseter, and continued with a massive muscular belly that could be seen on the angle and ventral edge of the angular process of the mandible. The muscle fascicles were extended to the back of the mandible and inserted between the posterolateral surface of the angle of the mandible and the border of the masseteric fossa. Most of the muscle fascicles on the dorsal edge of this muscle were also integrated into the aponeurosis of the deeper masseteric layer, making the separation of these two parts of the masseter difficult (Figs. 2, 3 ).
Deep masseter
The deep masseter was divided into an anterior and a posterior part. The anterior deep masseter originated from the zygomatic plate, which had a narrow pouch, and was horizontally located on the anteroventral face of the zygomatic process of the maxilla (Fig. 1) . The point of origin of the anterior part of the deep masseter filled the pouch. After its origin, it passed horizontally, placed under the superficial masseter, and inserted on the masseteric ridge, placed rostral of the fossa mandible (Figs. 1-3) .
The posterior deep masseter originated along the caudoventral edge of the zygomatic arch and ran ventral-caudal to insert into the shallow masseteric fossa, located on the lateral face of the mandible (Figs. 1-3 ).
Zygomaticomandibularis muscle
It was the innermost layer of the masseter muscle and consisted of two parts: pars anterior and pars posterior.
The pars anterior originated from the medial face of the temporal process of the zygomaticum bone. A part of the pars anterior, the infraorbital zygomaticomandibularis muscle also rose from the medial surface of the maxillary and the root of the zygomatic arch. Its muscle fibres extended through the infraorbital foramen, which was wide and ovoid, and combined with the main part of the pars anterior.
Then, it ran caudoventrally and inserted onto the anterior root of the coronoid process (Figs. 1, 3, 4) .
The pars posterior originated on the ventral and medial surface along the posterior half of the zygomatic arch. The fibres of the posterior were weaker than those of the anterior. The fibres of the pars posterior passed straight rostroventrally to insert on the fosse, which was located on lateral surface of the coronoid process (Figs. 1, 4) . 
DISCUSSION
Since rodents are the biggest mammalian group, the classification of the masseter muscle of rodents is controversial. For many years, there have been arguments about the parts of the masseter muscle of mammals. Some researchers [1, 5, 35, 41] reported that the masseter muscle of rodents had three main parts: the superficial masseter, the deep masseter and the zygomaticomandibularis muscle. However, Hiiemae and Houston [14] reported that, in rodents, the masseter muscle was divided into two parts: the superficial masseter and the deep masseter. In our sample, the masseter muscle was observed with three main parts, as described in some rodents [5] [6] [7] 12] .
It was reported that, in some rodents, the superficial masseter had two parts (superficial and lateral) [12, 19] . On the other hand, Miller and Gidley [22] and Howell [16] expressed that these two muscles were the same. In our samples, the superficial masseter was a single part and originated from the maxillary bone via a flattened and strong tendon, as in Muroids, Geomyida [15, 28] , rats [14, 36] , Laotian rock rats [12] and Marsupialia [35] .
Some researchers described the superficial masseter in squirrels as originating from the masseteric tubercle, which is under the infraorbital foramen [41] . However, in our case, the masseteric tubercle was absent and the ovoid fossa had developed instead. This finding is supported by some studies conducted on squirrels [32] , guinea pigs [37] and rats [11] .
The deep masseter, namely the lateral masseter in some rodents [39] , consists of two separate parts in rodents [5, 41] . This finding is consistent with our report. However, the deep masseter has been noted to be a single part in guinea pigs [5] , squirrels [33] and mice [1] .
Due to the anatomical variety of the zygomatic plate, the morphologic structure of the origin of the anterior deep masseter can be different in rodents. Thus, the structure of the zygomatic plate is critical for the classification of rodents. The anterior deep masseter originates from the zygomatic plate [5, 6] . However, unlike some Sciuromorpha and Hystricomorpha, in our samples, the zygomatic plate was settled in the anteroventral face of the zygomatic process of the maxilla. It did not expand onto the rostrum, as in fossil rodents [34] and Aplodontia rufa, which is the only living protrogomorphous rodent [7] .
In our samples, the posterior deep masseter originated from the part of the zygomatic arch that terminated on the mandible fossa, with the same pattern as in squirrels [5, 33, 41] , rats [5] guinea pigs [26] , Aplodontia rufa and Marmota monax [7] .
Some researchers [11] did not make any comments about the presence of the zygomaticomandibularis muscle in rats. Whereas Hiiemae and Houston [14] could not distinguish the zygomaticomandibularis muscle, and thus regarded it as a part of the deep masseter, others [3, 4, 29] ignored this muscle. This muscle was also termed the medial muscle of the masseter muscle by some researchers [12] . We saw that the zygomaticomandibularis muscle was the innermost layer of the masseter, and was divided into two parts (the pars anterior and pars posterior); this is the same as in squirrels, rats, guinea pigs [5] , mice [1] , Laotian rock rats [12] , mountain beavers and Marmota monax [7] .
In some living Myomorpha rodents, such as Spalax sp., Myospalax sp., and Oxycmterus sp., the zygomasseteric structure has been shown to be an intermediate type between the hystricomorphous and myomorphous types. The diameter of the infraorbital foramen is larger in Hystricomorpha than in Myomorpha [20] . Furthermore, Hystricomorpha and Myomorpha, unlike Sciuromorpha have the infraorbital portion of the pars anterior of the zygomaticomandibularis muscle, which passes through the infraorbital foramen [5, 33, 41] . This portion is enlarged and covers most of the lateral wall of the rostrum in Hystricomorpha. In our specimens, although this portion existed, it was not as wide as described in hystricomorphous [36] .
In rats, squirrels, guinea pigs [5] and Laotian rock rats [12] , the anterior part of the zygomaticomandibularis muscle is stronger than the posterior, as in the blind mole rat. Moreover, a large posterior part of the zygomaticomandibularis muscle is also found in carnivores, in which it may function to resist forces produced by struggling prey [30] .
In some Hystricomorpha rodents, an extra section of the posterior part of the zygomaticomandibularis muscle has been distinguished and named the muscles masseter lateralis profundus [40] , the posterior masseter [7, 13] , the pars posterior or the deep division [38] . We did not find any evidence of this part, which was separated from the posterior part of the zygomaticomandibularis muscle
CONCLUSIONS
This study is a detailed description of the morphological features of the Spalax leucodon complex masseter muscle. The data were compared to those for other rodents and may contribute to enhancing our morphological knowledge regarding the masticatory musculature in mammals.
